Mixed oxides, α-Fe 2 O 3 /Bi 2 WO 6 , were prepared using a mechanical mixing procedure by adding to the Bi 2 WO 6 previously obtained by hydrothermal method the corresponding amount of a prepared α-Fe 2 O 3, the latter obtainedby thermal decomposition of Fe(NO 3 ).9H 2 O. The physicochemical surface, structural, morphological characteristics and optical properties of the samples, single and mixed, were determined by BET, XRD, FE-SEM, XPS and UV-Visible diffuse reflectance spectroscopy. UV-vis diffuse reflectance spectra showed that incorporating a 5%wt. of α-Fe 2 O 3 to the corresponding amount of Bi 2 WO 6 sample broadened the visible light absorption of Bi 2 WO 6 as expected. The photocatalytic activity, of single and mixed catalysts, to degrade a selected dye such as Methyl Orange (MO) as well as the transparent substrate Phenol (Ph)were studied, in aqueous medium (pH ≈ 5.5)under UV and sun-like illumination conditions in the absence and presence of H 2 O 2 . In the present study the use ofaα-Fe 2 O 3 -Bi 2 WO 6 /H 2 O 2 systemdemonstrate much higher photocatalytic efficiency to degrade both MO and Phthan pristineBi 2 WO 6 or α-Fe 2 O 3, single or mixed. Using the system α-Fe 2 O 3 -Bi 2 WO 6 /H 2 O 2 , around 85% ofMO was degraded in 60 min under sun-like illumination whereas 100% was degraded in 60 min under UV-illumination. However, just around 30% of Ph was degraded in 120 min in the α-Fe 2 O 3 -Bi 2 WO 6 /H 2 O 2 system under sun-like illumination whereas around a 95% was degraded in 90 min under UVillumination. Under UV-illumination, the generation of hydroxyl radicals is favorable; whereas under sun-like illumination, only the small fraction of the UV can produces the •OH.Under illumination, the H 2 O 2 could react with photoinduced electrons from the photocatalysts leading to the production of hydroxyl radicals (•OH).
Introduction
The increase of industrial activities has become a serious problem that leads to the augmentation ofpollution inair, water and soil. To facethis problem, the scientific community works to find new methods to undo thecontamination.During the past few decades, a variety of practical strategies have been implemented to develop viable wastewater treatment technologies [1] [2] [3] [4] [5] [6] .
Those technologies are very appealing alternatives for the degradation of organic pollutants because they permit a partial or complete mineralization of pollutants. It is based on the production of the very reactive and nonselective entities (particularly the hydroxylradicals•OH) having a higher oxidizing capacity than traditional oxidants (O 2 , Cl 2 , ClO 2 , H 2 O 2 , O 3 …) [7] [8] [9] .
Photocatalytic degradation of organic pollutants to purity wastewater from industries and household has received extensive attention in recent years. In particular, heterogeneous photocatalysis shows promising potential in depthoxidation of pollutants to non-toxic inorganic molecules at ambient temperature [10] .
Dyes are molecules commonly found in real effluents from textile and other industrial wastewaters [11, 12] . Dyes are major organic pollutants, which can cause severe environmental disruption and health damages [13] . Similarly, phenol is one of the most abundant pollutants in industrial wastewaters and its toxicity, carcinogenicity and persistence, makesthiscompound dangerous for life at rather low concentrations. In this sense, heterogeneous photocatalysis, among a group of available technologies known as advanced oxidation processes (AOPs), is an important alternative to remove a wide range of organic compounds, including phenolsand dyes, in polluted streams. Other technologies as Fenton and Photo-Fenton have been successfully used in depollution of water [14] [15] [16] [17] [18] .
To meet the requirement of future environmental applications, in the field of AOPs, it is still essentialto not only further improve the photocatalytic activity by synthesizing new photocatalysts but also to explore new combined processes.
The development of new photocatalysts is attracting vast interest. Among them the Bismuth tungstate (Bi 2 WO 6 ) is a typical n-type direct band gap semiconductor with a band gap of 2.8 eV and has prospective applications for the degradation of organic pollutants under visible light illumination due to their low valence band and high chemical stability [19] . In the same context, iron oxide (α-Fe 2 O 3 , hematite) with a narrow band gap at 2.2 eV, absorbing the light up to 600 nm and collecting about 40% of the solar spectrum energy, is also another of the promising materials for photocatalytic applications [20] . (Photo-Fenton)) has been investigated [1, [21] [22] [23] [24] , however, long periods of UV-illumination are required,thuspoor degree of mineralization isobtained, makingall these processes not perspectives as potential methods for wastewater purification.
From another perspective, as an electron capture agent, H 2 O 2 can also react with photogenerated electrons, from a photocatalytic process, to producehydroxyl radicals (•OH) as established in eq. (1) (2) in which (SC) is a general semiconductor photocatalyst [25] .
(SC) + h → (SC) X-ray photoelectron spectroscopy (XPS) studies were carried out on a LeyboldHeraeus LHS-10 spectrometer, working with constant pass energy of 50 eV.
The spectrometer main chamber, working at a pressure <2×10 −9 Torr, is equipped with an EA-200 MCD hemispherical electron analyzer with a dual Xray source working with Al Kα (hν=1486.6 eV) at 120 W and 30 mA. C1s signal (284.6 eV) was used as internal energy reference in all the experiments.
Samples were outgassed in the pre-chamber of the instrument at 150 ºC up to a pressure <2×10 −8 Torr to remove chemisorbed water.All photoelectron spectra were analyzed using Casa-XPS software.
Photodegradation tests
The photocatalytic activity of the catalysts prepared was tested in the photo- Total organic carbon was followed also by means of a TOC analyzer (Shimadzu 5000). Mineralization degrees (%) were evaluated by the TOC values upon 2 h of illumination,for all the photo-assisted processes studied. However, the XRD spectra of the prepared mixed oxides BW-Fe (5) (3d) electrons as reported in ref. [32] . α-Fe 2 O 3 is a n-type semiconductor with a narrow band gap of 2.2 eV, whichcan not only promote the separation and migration of photongenerated carriers, but might also contribute to for a conduction band at a higher position [28] .
Results and discussion

Characterization
Compared to pristine Bi 2 WO 6 , the optical absorption of BW-Fe(5)-2 displays an evident red-shift in the light-visible region, which can be ascribed to the presence of α-Fe 2 O 3 in the mixture sample, in spite of iron oxide not being detectedby XRD. In principle, thissuggests that the mixed oxide sample canbe favorablefor the use of sunlight as energy source of pollutants abatement. 3A) with a diameter rangingbetween5-8 μm constructed by sheets aligned perpendicularly to the spherical surface (Fig. 3B) as it was found in other previous studies [33, 34] . In Fig. 5 , we show the conversion plots of single substrates, MO or Ph, using the Bi 2 WO 6 synthesized catalyst, under UV or sun-like illumination, in the absence ( Fig. 5A and 5B) or in the presence of H 2 O 2 ( Fig. 5C and 5D ). It is observed that both single substrates present almost negligible conversionvalues (less than 10%) over the whole (120 min) illumination period, bothin UV andsunlike illumination conditions, though with this catalyst under UV illumination there is a slight improvement inPhenol (Fig.5B ) compared with that obtained with MO (Fig.5A) .
While, very low activities of the photocatalyst used on the two substrates were observed, also very high values of TOC are obtained, indicating poor photocatalytic degradation.In fact, for MO, a mineralization degree of 14.6 % was obtained under UV-irradiation, being of 5.5 % under sun-like irradiation.
As mentioned above,band-gap illumination of semiconductor (SC (Table 1) .However, as the TOC measurement is performed on the liquid phase, it is also possible that MO is not completely desorbed and this apparent decrease on TOC could not be related to a mineralization.
This fact is important since iron is the second most abundant metal on Earth, and the mineral hematite is most often formed in natural water. Thus, a natural photocatalytic degradation process with particles of α-Fe 2 O 3 suspended in water or sediments could have a beneficial impact to the water ecosystem contaminated by MO.
In the degradation test of MO with α-Fe 2 O 3 , an initial adsorption and later desorption under illumination is observed ( Figure 6A ).This behavior observed for the MO in the presence of α-Fe 2 O 3 , is not observed when Phenol is used. Figure 6B shows the plot of the conversion percentages of Phenol, using the prepared catalysts α-Fe 2 O 3 .As with the use of Bi 2 WO 6 , the use of α-Fe 2 O 3 leads to conversion percentages which are negligible for both substrates, both under UV and sun-like illumination. These results indicate that the as prepared iron oxide sample presents, not only a low adsorption capability for Phenol but also a low photoactivity, although optical absorption results, by DRS (Fig.2) In Fig. 7 , we show the MO and Phenol conversion plots using the mixed α- Table 1 ).
This fact could be explained by assuming a contribution of photosensitization of a dye moleculesuchas MO, asit has alsobeen observed when using Rhodamine B [31] .
As mentioned in the introduction, due to high recombination rate of charge carriers in the single oxides, α-Fe 2 O 3 and Bi 2 WO 6 , have developed strategies that lead to the separation of charge carriers, such as the development of heterostructural constructing of both catalysts [28] [29] [30] . In these systems, it has been achieved an improvement in the photocatalytic activity compared with that obtained with the singles catalysts. The α-Fe 2 O 3 acts as a hole-accepting semiconductor and photogenerated electrons are injected with high efficiency from the conduction band of α-Fe 2 O 3 to the conduction band of Bi 2 WO 6 . In our work we used a α-Fe 2 O 3 / Bi 2 WO 6 composite by a mechanical mixing procedure and in order to achieve high performance, the extra H 2 O 2 was required.
However, the goal is the same in both cases, that is, achieve efficient separation of the charge carriers. In our case, H 2 O 2 acts as an electron acceptor, thus generating •OH radicals while the H 2 O can act as holes acceptor, generating more •OH radicals. The advantage, of our method, can be found in the amount of hydroxyl radicals generated in the process, thereby increasing photo-assisted degradation of the substrates. Regardless of this, in our work we have assessed the photocatalytic activity with two different substrates, the MO and Phenol and not with the Rhodamine B, since we have evidence that the evaluation of photocatalytic activity with Rhodamine B generates results that are more spectacular, than when a transparent substrate, such as Phenol is used.
There are other works, that achieve improved photo-Fenton mechanism by incorporating the α-Fe 2 O 3 to a graphene oxide (GO) [38] or to Kaolin [39] . In both cases, however, the improvement obtained could be attributed to the synergetic effects of the adsorptive power of GO or Kaolin and the hydroxyl radicals produced by heterogeneous photo-Fenton reactions. In any case, in these works, the evaluation of the activity is done also by using RhB.
Among the mixed catalyst BW-Fe (5) Figure   9D , a shoulder around 706.0 eV, not present on the original spectra ( Figure 8D) is observed. This could be ascribed to the transformation of Fe(3+) to Fe(2+) after heterogeneous photo-Fenton reaction [46] . This finding, together with the presence of O(1s) peak associated to peroxide species, leadus to postulate the presence of iron(II) peroxide,Fe(O 2 ),stabilized in the mixed system. ], that absorbs in the visible region and could be the precursor of the proposed ferryl complex [51] .
If the formation of (Fe
species is assumedthen an increasedphotoconversion process is likely to occur, in both the UV and visible, as seen in the results presented in Figures 7C and 7D .
Mixtures of Methyl Orange and Phenol
Finally, we have studied the simultaneous degradation of MO and Phenol both ina mixed solution, using the mixed oxide photocatalyst BW-Fe (5) (Fig.7C) . These results indicate that regardless of the synergistic effect observed in the physical mixture of the two materials studied, Although the results by XPS show the formation of peroxidic species, they will be postulated as suggested by Pignatello et al [51] . Clearly, our results indicate the presence of an additional oxidant other than •OH and it could be more evidence to support the assumptions by Pignatello et al. [51] . 
